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Abstract

Few studies have prospectively examined endogenous
hormone levels as risk factors for breast cancer. The
present study compares prediagnostic hormone levels
using stored serum from breast cancer cases and controls
selected from the Life Span Study population of the
Radiation Effects Research Foundation in Hiroshima and
Nagasaki, Japan. Stored serum samples collected in
1968-1970 were assayed for 72 women subsequently
diagnosed with breast cancer and 150 control subjects in
72 case-control sets matched on age, date of blood
collection, exposure, radiation dose, and city. Serum
levels were determined for sex hormone binding globulin,
total estradiol (E,), bioavailable E,,
dehydroepiandrosterone sulfate, and prolactin. Matched
case-control comparisons of hormone levels were carried
out by conditional logistic regression and were adjusted
for menopausal status at the time of blood drawing. The
odds ratio per unit log change in bioavailable E was 2.2
[95% confidence interval (CI), 1.02-5.3] for all subjects,
and 2.3 (95% CI, 0.55-6.8) and 2.1 (95% ClI, 0.55-9.7),
respectively, based only on premenopausal or
postmenopausal serum. The estimated odds ratios in each
quintile of bioavailable E, level, using the lowest quintile
as referent, were 1.00, 1.89, 1.43, 3.45, and 3.3 for

trend = 0.035). For sex hormone binding globulin, the
overall odds ratio was 0.58 (95% CI, 0.14-2.26), and 1.00
(95% CI, 0.19-5.45) and 0.21 (95% CI, 0.02-1.88) based
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on premenopausal and postmenopausal serum,
respectively. This study offers further prospective support
for the hypothesis that a high level of biologically
available E, is a risk factor for the subsequent
development of breast cancer.

Introduction

Endogenous hormones are believed to play a possibly impor-
tant role in breast cancer etiology (1). However, comparisons of
hormone levels between cases and controls using serum col-
lected after diagnosis are susceptible to serious bias if the
disease itself might affect hormone metabolism. A prospective
study design in which serum samples from healthy women are
stored and the women are followed for disease onset avoids this
bias and provides direct evidence on the role of hormones in
cancer risk.

RERF" and its predecessor, Atomic Bomb Casualty Com-
mission, in Hiroshima and Nagasaki, Japan have studied mor-
tality and morbidity in a large study cohort of atomic bomb
survivors and have solicited a subcohort (AHS) for biennial
clinical examinations since 1958. Serum samples have been
collected, frozen, and stored at Atomic Bomb Casualty Com-
mission/RERF since the 1968-1970 examination cycle. This
repository of stored samples and clinical records provides for
focused studies of cancer cases and appropriately chosen con-
trols using serum samples collected before disease onset.

We report here the results of a nested case-control study of
serum hormones collected prior to breast cancer development.
The prior hypothesis of primary interest was that high levels of
biologically available E in serum may predispose women to
develop breast cancer. The serum constituents assayed were
total E,, SHBG, bioavailable E(not bound to SHBG), prolac-
tin, progesterone, and DHEA-s. Case-control differences were
evaluated for each hormonal component, alone and in combi-
nation with other risk factors including reproductive history,
other medical history, and radiation dose.

Materials and Methods

Study Population. A supplement to the 1950 Japanese census
identified A-bomb survivors in the two cities. From this sup-
plement, 94,000 atomic bomb survivors who were Hiroshima
or Nagasaki residents on October 1, 1950 and 26,000 city
residents not exposed (not in either city on the day of the
bombing) were included in the Life Span Study sample. The
AHS clinical subcohort, originally numbering 8,000 male and
12,000 female subjects, was established from the larger cohort
in four groups of equal size: group 1, all (or virtually all)

“The abbreviations used are: RERF, Radiation Effects Research Foundation;
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persons exposed at distance® km and who reported acute  This procedure resulted in 72 new matched sets, 52 of which
radiation injury; group 2, persons exposed km who reported had 1 case and 2 controls, and the remainder had a single case
no radiation injury; group 3, persons exposed at 3—-4 km in and 1, 3, 4, or 5 controls.
Nagasaki or 3-3.5 km in Hiroshima; and group 4, cohort | aboratory Analysis. Hormonal assays were carried out by
members 10 km or more from ground zero, including the one of us (M. K.) at Nagasaki University in 1986 under blind
unexposed. Groups 2—4 were probability sampled and matchedconditions, using samples (including control samples) identi-
to group 1 by sex and age. fied only by number. The choice of assays was governed both
Participation in the biennial AHS clinical examination by the study purposes and the limited serum available for most
program has been consistenty85% of the surviving subco-  subjects. RIA was performed using commercially available kits
hort members still resident in the two cities. Clinical examina- to determine E levels (Dai-ichi Radioisotope Institute) and
tions are given at RERF or at home if the subject is physically prolactin and progesterone (Amersham International Pic). Lev-
unable to come to RERF. The examinations involve clinical els of bioavailable Ewere calculated by multiplying totai.¢.,
history, physical examination, blood work-up, and, if held at free plus aloumin-bound plus SHBG-bound) &lues by per-
RERF, chest X-ray or other radiography as appropriate. Begin- centage of bioavailable Ewhich was estimated using a mod-
ning with the 1968-1970 examination cycle, serum samples ified version of the charcoal method reported by Vermuén
have been frozen and stored-a60° to —70° C, except for a al. (5).
4-day period in July 1982, when the freezer malfunctioned and The intra-assay coefficients of variation based on control
the temperature eventually reached 2535 pools were 9.8% for E 5.3% for SHBG, and 7.5% for pro-
Individual, organ-specific radiation dose estimates have gesterone. In a pilot study on 10 males and 10 females, repeated
been calculated for most (86%) exposed cohort members usingserum samples were collected for four periods between 1969
the dosimetry system (DS86) introduced in 1986 (2) that re- and 1983, and very good stability of the mean values was
placed the T65D system introduced in 1965. Both systems were obtained for DHEA-s, prolactin, and,EAIl assays were per-
based on individual shielding histories and mathematical mod- formed blind. Assay materials from several lots were mixed and
els for radiation yield from the bombs and its attenuation over applied to all subjects to avoid kit-to-kit variation.
distance and by materials and tissue. Cancer cases are identified = DHEA-s levels were measured by RIA for 11-deoxy-17
by death certificate and through the RERF Tumor Registry (3). ketosteroid with DHEA-s as standard. Antisera for this assay
Diagnosis date was confirmed for all cases in the current study was obtained from the Third Department of Internal Medicine
on the basis of pathology or clinical records. Three cases were of the University of Tokyo. SHBG was measured by RIA kit
diagnosed in 1973, five in 1974, and the remainder in 1975 or using a specific monoclonal antibody (Farmos Diagnostica,
later. Oulansalo, Finland).

Selection of Cases and ControlsAll women in the AHS Information from RERF Data Files. Blood pressure, height,
subcohort diagnosed with breast cancer between 1973 and 1983wveight, and cholesterol levels were measured at the time of
and recorded as having at least 1.0 ml of stored serum from theblood collection and included in the clinical record of each
1970 to 1972 examination cycle were selected from the RERF subject. Obstetrical-gynecological histories were gathered from
tumor registry and mortality files. Initially, two control women  various RERF files, including medical records, interviews at the
satisfying the same sample and serum availability criteria and RERF clinics in the mid 1960s, 1978 mail survey data files (6),
matched with respect to city, age 8 years), dateX3 months) X-ray film records, and PAP smear records (7). Variables of
of blood collection, and radiation dose in Gy (nonexposed/ particular interest as possible risk or modifying factors include
<0.01/0.01-0.49/0.50-0.994.00/unknown dose) were se- number of deliveries, age at first marriage, age at first delivery,
lected for each case. A control woman must have been alive andcumulative months of lactation, age at menarche, age at meno-
cancer free at the date of case diagnosis. Cases and controlpause, and smoking history.
were matched on dose to remove dose as a possible confounder ~ There were seven subjects whose ages at menogause,
and (more importantly) to improve power for analyses of pos- 1 year after the last menstrual period, were uncertain. These
sible interactions between hormonal effects and radiation dosewomen were all categorized as postmenopausal for events
(4). Case and control selection for this study was conducted in (diagnosis or blood drawing) occurring after 55 years of age.
1985, prior to the availability of DS86 estimates. Matching was One case, diagnosed at age 46, was treated as premenopausal,
therefore based on breast tissue dose according to the T65Dand one control, examined at age 44, was treated as premeno-
system, which is highly correlated with the DS86 dose. pausal at blood drawing. Also, the exact timing of cancer
Subsequently, based on visual inspection of the samples, diagnosis relative to menopause was difficult to determine for
12 cases and about twice as many controls were found to havesome cases. In the analysis, cases diagnosed within 1 year after
insufficient volumes of serumi.¢., <1.0 ml) and were dropped =~ menopause were treated as premenopausal cases.
from the study. Later, based on results from hormone assays, 5Statistical Analysis. Measured levels of total zSHBG, pro-
cases and 10 controls were dropped because of suspected predactin, and bioavailable Fvere transformed to their logarithms
nancy at blood drawing. For 1 additional case and 4 additional (base 10) because the distributions of the transformed values
controls, total B could not be evaluated, and these subjects were more nearly symmetric than in the original scale, whereas
were dropped from analysis. Seventy-two breast cancer casesDHEA-s and progesterone were analyzed in the original scale.
with 150 controls remained. Because losses of cases and con- ~ The primary analyses were comparisons of serum hor-
trols left some of the original matched sets without a case or mone levels between cases and individually matched controls,
control, a modified version of the original matching criteriawas using the PECAN algorithm for conditional logistic analysis
applied to the remaining cases and controls without knowledge from the Epicure package of generalized regression programs
of assay results. The modified criteria involved a relaxation of for epidemiological data analysis (8). The results changed only
the criterion for matching on radiation dose to allow exposed slightly when analyses were conducted using a conventional
subjects without DS86 dose estimates to be included in matchedlogistic analysis that ignored the matching scheme but adjusted
sets of exposed subjects if other matching criteria were met. for age and the DS86 breast dose. In all regression analyses, the
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Table 1 Serum hormone levels among controls, by menopausal status at
blood drawing

Mean (SD)
. P2 for
Measurement units  premenopausal Postmenopausalgifference
(n = 94) (n = 56)
Bioavailable B log,o pg/ml  1.54 (0.37) 0.83(0.40) <0.0001
Total E, log,0 pg/ml  1.94 (0.31) 1.28(0.25) <0.0001
SHBG logo Ng/ml 1.76 (0.19) 1.79 (0.28) 0.42
DHEA-s ug/ml 0.58 (0.23) 0.40(0.23)  <0.0001
Prolactin logo ng/ml 1.07 (0.09) 1.01 (0.08) 0.0001

2Based on Studentstest.
bn =55,

logarithm of the OR was modeled as a linear function of the
hormonal variable of interest, with separate intercepts for pre-
menopausal and postmenopausal serum. Slope coefficient
were calculated both with and without regard for menopausal
status at the time of blood drawing,g.,

log(odds ratioy= a1, + a,l, + BX
or
log(odds ratioy= ayl; + a,l2 + (B4, + Bul)X

wherea,, a,, B, B,, andp, are unknown parameterX,is the
variable of immediate interest, and and |, are indicator

S

overall OR was 0.58 (95% CI, 0.14-2.26), and 1.00 (95% ClI,
0.19-5.45) and 0.21 (95% CI, 0.02-1.88) based on premeno-
pausal and postmenopausal serum, respectively. Tgtalas
suggestively related to risk [OR, 2.22 (95% CI, 0.85—-6.17);
however, there was no association after adjustment for bioavail-
able E (adjusted OR, 1.05 (95% CIl, 0.20-5.16)]. Prolactin was
not related to subsequent breast cancer risk. Risk increased with
increasing DHEA-s, but not significantyP(= 0.15).

Bioavailable E was divided into quintiles, and risk was
estimated in each quintile relative to the first. Overall, risk
increased for increasing quintile, significantly so for all serum
and for premenopausal serum alone, but nonsignificantly for
postmenopausal serum (Table 4).

The minimum time from blood draw to diagnosis was 2.0
years; the maximum was 13.6. However, no consistent pattern
was observed in the predictive value of either bioavailablerE
SHBG with respect to time (data not shown). Adjustment for
body mass index, age at menarche, luteinizing hormone, and
progesterone level did not alter analysis results.

Case-Control Comparisons: Epidemiological Variables.
Analyses with respect to epidemiological variables provided
little insight into the relationships between breast cancer risk
and serum hormone levels. In these data, having delivered a
child (OR, 0.26; 95% ClI, 0.10—-0.6®, = 0.006) and cumula-
tive lactation (OR, 0.49 per year; 95% CI, 0.21-0.89=
0.013) were significantly and inversely related to breast cancer
risk. Information on parity was available for most subjects (67
cases and 141 controls; 66 informative data sets), but informa-

functions for premenopausal and postmenopausal serum, re-tion on lactation was available for fewer than half of the

spectively (; = 1 andl, = 0 for premenopausal serum, ahd
= 0 andl, = 1 for postmenopausal serum).
In other analyses{ was replaced by a categorical variable

subjects (32 of 72 cases and 62 of 150 controls; 20 informative
data sets), and therefore, no adjustment was considered for this
variable. Adjustment for parity had little or no effect on the

(Y, Y4, orY,) with levels denoting placement of the observed main associations demonstrated in Tables 3 and 4. No sugges-
value by quintile among observations based on assays of alltive or statistically significant associations were observed be-

serum YY), premenopausal serum only,}, or postmenopausal
serum only ¥,). Ps presented correspond to likelihood ratio
tests.

Results

tween cigarette smoking and hormone levels, nor did adjust-
ment for smoking affect observed associations, or lack thereof,
between breast cancer risk and serum hormone levels.

Discussion

Baseline Levels.Mean age of the 72 cases at examination was The results of this prospective study support the hypothesis that
48.6; that of the 150 controls was 49.0. Of the 72 cases, 14 wereestrogen availability in blood is greater prior to diagnosis in
premenopausal and 58 postmenopausal at cancer diagnosigyomen who later develop breast cancer than in those who did
(mean ages at diagnosis were 50.4 and 68.7, respectively).not. There have been very few prospective studies of hormone
Means, SDs, and value ranges among controls from the variousjevels and subsequent risk of breast cancer. Bulbeiak. (9)
hormonal assays are shown in Table 1, by menopausal status agxamined 24 cases in a cohort of 5000 British women and
examination. Missing values include one control for whom found a higher mean serum level of bioavailablgiEthe case
SHBG could not be evaluated. With that exception and the group. In contrast, Wysowsm a|(lo) and Garlanet a|(11)
subjects excluded from the analysis for other reasons, it appearsdid not find significant case-control differences, using 39 and
that serum hormone levels accord well with normal ranges and 15 cases, respectively.

did not deteriorate under storage conditions, inClUding the 4 Toniolo et al. (12) conducted a nested case-control Study
days of freezer malfunction in 1982. Correlations between pairs based on 14,291 women in the prospective New York Univer-
of hormones are shown in Table 2, separately by menopausalsijty Women’s Health Study. Among 130 cases of breast cancer
status at examination. As expected, bioavailableid SHBG in postmenopausal women, they found a strong trend of in-
were inversely related in both premenopausal and postmeno-creasing risk with increasing quartile of bioavailabledhd a
pausal serum. strong decreasing risk with increasing quartile of SHBG-bound
Case-Control Comparisons: Hormone Levels.Table 3 E, after adjustment for Quetelet's index. They also found
shows the ORs estimated from conditional logistic regression positive associations of totaLEand estrone with risk. In addi-
(using PECAN) for bioavailable £ SHBG, DHEA-s, total tion, they found a strong negative correlation of Quetelet’s
estrogen, and prolactin. These ORs apply to a unit change in theindex with percent SHBG-bound,ESimilarly, Keyet al. (13)
logarithm or, in the case of DHEA-s, the untransformed level of conducted a prospective study of urinary estrogens and subse-
the hormone in question. Bioavailable, Bvas significantly quent risk of breast cancer in 1000 women. Among 31 post-
associated with risk (OR, 2.24 with 95% CI, 1.02-5.30); sep- menopausal cases, there was a statistically significant associa-
arate estimates for premenopausal and postmenopausal serurtion of urinary E concentration and of total estrogen
were similar, but with wider confidence limits. For SHBG, the concentration and subsequent risk. Among 38 premenopausal
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Table 2 Correlations (two-tailedPs in parentheses) between hormone levels for cases and controls, based on assays of premenopausal serum
(data above 1.00 value) and postmenopausal serum (data below 1.00 value)

Bioavailable B SHBG Total B DHEA-s Prolactin
Bioavailable & 1.00 —-0.27 P = 0.001) 0.81P < 0.001) 0.22P = 0.008) 0.09P = 0.29)
SHBG —0.59 P < 0.001) 1.00 0.20R = 0.017) —0.26 P = 0.002) 0.14 = 0.09)
Total E, 0.74 P < 0.001) —-0.14 P = 0.23) 1.00 0.17R = 0.046) 0.15P = 0.08)
DHEA-s 0.22 P = 0.043) —0.20 P = 0.07) 0.21P = 0.06) 1.00 —0.06 P = 0.47)
Prolactin —0.03 P > 0.05) —-0.07 P > 0.5) —-0.04 P > 0.5) —0.06 P > 0.5) 1.00

Table 3 Estimated ORs (95% Cls) per unit increment in (g% hormone level

Serum Bioavailable Total

(cases/controls) E, SHBG E, DHEA-s* Prolactin

AllP 2.24 0.58 2.22 2.61 1.76
(72/150) (1.02-5.30) (0.14-2.26) (0.85-6.17) (0.70-9.94) (0.02-43.9)
Premenopause 2.30 1.00 3.57 2.40 1.01
(46/94) (0.85-6.78) (0.19-5.45) (1.07-13.4) (0.47-12.3) (0.02-47.4)
Postmenopause 2.13 0.21 0.77 3.06 6.45
(26/56) (0.55-9.69) (0.02-1.88) (0.11-5.06) (0.34-30.7) (0.01-43.9)

2 DHEA-s in original scale.
b Adjusted for menopausal status at blood drawing.

Table 4 Estimated OR (95% CI) in each quintile of bioavailable E

1st P
Serum (reference) 2nd 3rd 4th 5th (trend)

All? 1.00 1.89 1.43 3.45 3.37 0.035
(0.69-5.73) (0.41-5.30) (1.02-13.4) (1.00-13.2)

Premenopause 1.00 1.05 1.87 2.62 3.05 0.009
(0.30-3.90) (0.54-7.17) (0.79-9.91) (0.91-11.7)

Postmenopause 1.00 2.12 5.25 7.35 2.52 0.17
(0.40-16.9) (0.72-64.5) (1.20-78.7) (0.19-40.2)

2 Adjusted for menopausal status at blood drawing.

cases, there were no significant associations. Two more pro- women from the island of Guernsey in the United Kingdom
spective studies reported an association of biologically avail- (OR, 5.0 for highest tertile compared with lowest), ®was
able E and risk and strong associations of androgens and risk strongly associated even after adjustment for testosterone and
(14, 15). The studies were methodologlcalily strong but had SHBG; however, after adjustment for,,Etestosterone and
small numbers of cases (71 and 25, respectively). In Doegan  SHBG were not significantly associated with risk. In a review
al. (14), the association with androgens was restricted to casesof epidemiological studies published from 1966 to 1996,
occurring within 2 years of blood draw. o Thomaset al. (19) reported that the results from prospective
Three recent studies have reported associations of elevatedsydies supported an association of high total (§erum or
serum & with risk of postmenopausal breast cancer (16-18). yinary, depending upon the study) and risk of breast cancer in

Cauleyet al. (16) studied 97 women with breast cancer from a  ,stmenopausal women. There was no significant heterogene-
cohort of 9704 women of ages 65in the United States. They ity among these studies.

reported a relative risk of 3.6 for women in the highest quartile In the present study, we distinguished between cases who

of bioavailable Igcompa(ed with the lowest quartile. Thgy 'also had serum drawn before and after menopause because of the
found a strong association of free testosterone and risk; how- . . )
impact of menopause on hormone levels. In this prospective

ever, this did not attain statistical significance after adjustment . :
study, cases with postmenopausal serum were all diagnosed

for bioavailable BE. Hankinsonet al. (17) used the Nurses’ ft h h ith
Health Study to examined plasma hormone levels and risk of &/t€f Menopause, whereas among the women with premeno-

breast cancer in the United States. Among 156 women diag- pausal serum, there were cases diagnosgd both before and after
nosed over the study period, 1989-1994, totg) &strone, menopause. There were too few cases diagnosed befc_)re_ meno-
estrone sulfate, and DHEA-s were each significantly associated Pause to be separately informative about the association of
with risk. Bioavailable § and testosterone were also margin- hormones and risk.

ally significant. In multivariate analyses, adjustment for total Unfortunately, no record was kept of stage of menstrual
E2 substantially reduced risk associated with testosterone, andcycle at time of clinical examination, nor was time of day

it became nonsignificant. Thomas al. (18) reported a strong  recorded for blood drawing. The problem here is not a possible
association of total circulating JEconcentration and breast bias attributable (for example) to an association between sub-
cancer risk in a nested case-control study of 61 cases and 179%equent development of breast cancer and stage of the men-
control chosen from within a prospective follow-up of 6127 strual cycle at time of blood drawing, but one of reduced ability
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to do refined statistical analyses with respect to hormone levels
in premenopausal serum.

We were concerned about the reliability of the measure-
ment of bioavailable Ein sera that had been stored for as long
as 15+ years. We were encouraged by the facts tha}: (
age-specific levels of bioavailable,EBmong control subjects

Japanese A-bomb survivors. Il. Interactions with radiation dose. Cancer Causes
Control,5: 167-176, 1994.

5. Vermulen, A., Verdonck, L., Van Der Straeten, M., and Orie, N. Capacity of
the testosterone-binding globulin in human plasma and influence of specific
binding of testosterone on its metabolic clearance rate. J. Clin. Endocrinol.
Metab.,29: 1470-1480, 1969.

6. Kato, H. Data resources for life span stully.R. L. Prentice and D. J. Thomp-

were comparable with those reported by other researchers; andson (eds.), Atomic Bomb Survivor Data, Utilization and Analysis. Philadelphia:

(b) bioavailable E levels showed a strong positive correlation
with total E, and strong negative correlation with SHBG (Table
2). There is high variability among women in totg] [Evel (20)

and lower levels in Japanese than American women (21). Given
this variability, our values are in the same range as studies
published previously.

A case-control interview study (4, 22), based on 196 cases
and 566 controls from the full cohort of the RERF Life Span
Study, reported a strong, positive association of risk with age at
first full-term pregnancy. Inverse associations were observed
for number of births and total period of breastfeeding, even
after adjustment for age at first birth. The present study was

Siam Institute for Mathematics and Society, 1984.

7. Sawada, H., Kodama, K., Shimizu, Y., and Kato, H. Adult Health Study
Report 6. Results of Six Examination Cycles, 1968-80, Hiroshima and Nagasaki,
Radiation Effects Research Foundation. TR 3-86.

8. Preston, D. L., Lubin, J. H., and Pierce, D. A. Epicure User’s Guide. Seattle,
WA: HiroSoft International, 1991.

9. Bulbrook, R. D., Moore, J. W., Clarke, G. M., Wang, R. R., Millis, R. R., and
Hayward, J. L. Relation between risk of breast cancer and biological availability
of estradiol in the blood: prospective study in Guernsey. Ann. NY Acad. Sci.,
464: 378-388, 1986.

10. Wysowski, D. K., Comstock, G. W., Helsing, K. J., and Lau, H. L. Sex
hormone levels, in serum in relation to the development of breast cancer. Am. J.
Epidemiol.,125: 791-799, 1987.

11. Garland, C. F., Friedlander, N. J., and Barrett-Connor, E. Sex hormones and

conducted separately, with subjects drawn from those memberspost-menopausal breast cancer: a prospective study in an adult community. Am. J.

of the Life Span Study clinical subsample for whom stored
serum was available. However, the findings with respect to
epidemiological factors were comparable with respect to those
in the interview study given the smaller numbers of cases and
controls. The interview study also investigated interactions

between radiation dose and reproductive factors and found a

generally multiplicative relationship; for example, early age at
first full-term pregnancy was found to be protective against

both baseline and radiation-related breast cancer to about the
same degree. The relationships between risk and serum hor-

mone levels were not sufficiently clear in these data to yield
clear results with respect to interaction with radiation dose.

In summary, our study showed a positive association of
bioavailable E with risk of breast cancer in Japan, despite the
fact that Japanese women have lower bioavailabjeafd
higher SHBG than Caucasian women (21).
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